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The photoinduced electron transfer interaction between a luminescent metal-ligand probe, [Ru(dmbpy)3]
2+ and quinones 
have been investigated by absorption and fluorescence spectroscopy. The reactions of quinones with the excited state 
ruthenium(II) complex in DMF have been studied by luminescence quenching technique and the bimolecular quenching rate 
constant kq values are found close to the diffusion controlled rate. The complex has an absorption maximum of 458 nm. It 
shows a photoluminescence at 608 nm. The lifetime of the complex in DMF is 164 ns. The ground state absorption 
measurements are used to confirm the nature of quenching. Transient absorption spectral measurements are performed and 
the oxidative nature of quenching is confirmed. The detection of semiquinone anion radical using time resolved transient 
absorption spectroscopy and the linear variation of log kq vs reduction potential of the quinones confirms the electron 
transfer nature of the reaction.  
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Quinones are ubiquitous in nature. p-quinones are 
important molecules in electron transport. They are 
electron acceptors in photosynthesis
1-3
. Photosynthesis 
occurs through a series of photoinduced electron 
transfer reactions that convert solar energy to 
chemical energy in the chloroplast of green  
plants. Their redox behavior plays a vital role in 
electrochemical reactions during biological energy 
transduction and storage. Biological respiration also 
occurs through multiple redox reactions involving 
quinone species. The study of electron transfer 
reaction from quinones (donor) to an acceptor (d
6
) 
metal complex is of great interest. The present study 
concentrates on the photoinduced electron transfer 
reaction of [Ru(dmbpy)3]
2+
 with quinones in dimethyl 
formamide (DMF).  
Ruthenium(II) complexes have been extensively 
studied as a promising functional molecule because of 
their unique photophysical and photochemical as well 
as related to the photoexcited triplet metal-to-ligand 
charge transfer (MLCT
3
) state. The redox properties 
include electrochromism, proton-coupled electron 
transfer and multi electron catalysis. These properties 
are responsible for the potential applications of 
polypyridyl ruthenium(II) complexes to a large 
variety of devices including sensors, displays, 
photocatalysts and in artificial photosynthesis
4-11
. The 
excited state properties of [Ru(NN)3]
2+
 complexes are 
dramatically affected by the introduction of electron 
donating and electron withdrawing substituents in 
4,4ʹ-position of 2,2ʹ-bipyridine. This long lived excited 
states exhibit an emission and therefore photoinduced 
energy/electron transfer can be probed by luminescence 
technique. Luminescence quenching is associated 
with variety of molecular interactions like excited 
state reactions, molecular rearrangements, energy 
transfer, collisional (or dynamic) quenching and ground 




Materials and Methods 
[Ru(dmbpy)3]
2+
 complex was synthesized by 
known procedure
13
. The quinones used in this study 
were obtained from Sigma Aldrich and were used as 
such. DMF solvent was procured from Merck and 
used as received. RuCl3. 3H2O and 4,4ʹ-dimethyl-2,2ʹ-
bipyridine complexes were dissolved in 20 ml of 
ethylene glycol and cooled at room temperature  
and filtered to remove the insoluble  impurities.  
A saturated solution of sodium tetrafluoroborate was 
then added dropwise into the filtrate until an orange 
precipitate was formed. The product was filtered, 
washed with cold water and diethyl ether and further 
dried in vacuum desiccator. The resultant complex 
was characterized by UV, IR, 
1
H NMR spectra.  




Absorption spectral studies 
Sample solutions of [Ru(dmbpy)3]
2+
 and quinones 
were freshly prepared for each measurement in DMF 
solvent, The concentration of [Ru(dmbpy)3]
2+
 was 
taken as 2  10
-5 
M and the quinone concentration was 
varied between 4 x 10
-5
 M and 2.8  10
-4
 M. 
Absorption spectrum was recorded using SYSTRONICS 
2203 Double beam UV visible spectrophotometer.  
 
Emission studies and excited state lifetime measurement 
Emission spectral measurement was carried  
out using JASCO FP 8600 spectrofluorometer.  
The sample solutions were deaerated for 30 min using 
dry N2 gas purging by keeping the solution in  
cold water, to ensure that there is no change in the 
volume of the solution. Both absorption and emission 
studies were carried out using samples of same 
concentration.  
Excited state lifetime and transient absorption 
measurements were made with laser flash photolysis 
technique using an applied photophysics SP-Quanta 
Ray GCR-2(10) Nd:YAG laser as the excitation 
source
14
. The lifetime of the complex in DMF is  
164 ns. The time dependence of the luminescence was 
observed using a Czerny-Turner monochromator  
with a stepper motor control and a Hamamatsu R-928 
photomultiplier tube. The production of the excited 
state on exposure to 355 nm was measured by 
monitoring the absorbance change. Transient spectra 
were obtained by a point to point technique, 
monitoring the change in absorbance (A) after  
the flash at intervals of 10 nm over the spectral  
range of 300–800 nm averaging at least 30 decays  
at each wavelength. Electrochemical measurements 
were performed using CH16005E electrochemical 
workstation at room temperature. Cyclic voltammetry 
measurements were carried out for 10
-3
 M sample 
solution in DMF consisting  of 0.1 M tetrabutylammonium 
perchlorate supporting electrolyte with a conventional 
three electrode system containing  a platinum working 
electrode (2 mm diameter), a platinum wire counter 
electrode and a non-aqueous Ag/AgCl reference 
electrode. Cyclic voltammograms were recorded after 
the solutions are purged with N2 gas for 30 min prior 
to use.  
 
Results and Discussion 
[Ru(dmbpy)2]
2+
 complex was synthesized as given 
in the experimental section. The structure of the 
quinones and the complex used in the present study 
are shown in Fig. 1 and 2. 





 has an absorption maximum at  
458 nm (Fig. 3) and The bands at 285 nm is due to  
the 𝜋* transition. The two intense bands at  
287 nm and 458 nm have been assigned to MLCT 
d* transition. The photophysical properties of 
[Ru(dmbpy)3]
2+
 arise from the population of MLCT 
state. It has an emission maximum of 608 nm in 
 
 








Fig. 3 — Absorption spectrum of [Ru(dmbpy)3]
2+ in DMF. 
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DMF. The absorption spectrum of [Ru(dmbpy)3]
2+
 
with incremental concentration of 1,4-benzoquinone 
in DMF is displayed in Fig. 4. There is a  a steady 
increase in the MLCT absorption maximum, indicates 
the formation of ground state complex The ground 
state absorption studies of the complex with quinones 
confirm the static nature of quenching. The binding  
of the complex with the quencher is due to the  
π – π stacking interactions. Thus the absorption 
spectrum shows the predominance of static 
quenching. The emission spectrum of [Ru(dmbpy)3]
2+
 
with incremental addition of quinones is shown in 
Fig. 5. The emission maximum of Ru(II) complexes 
originate from the d-* MLCT
3
 transition. 
Determination of binding constant 
The binding constant of [Ru(dmbpy)3]
2+
 complex 
with quinones was evaluated using Benesi–











     ...(1) 
 
where, A is the change in the absorbance of 
[Ru(dmbpy)3]
2+
 complex on the addition of quinone. 
∈ is the difference in the molar extinction  
coefficient between the free and quinone bound 
[Ru(dmbpy)3]
2+
 complex. The Benesi–Hildebrand plot 
of *[Ru(dmbpy)3]
2+
 with 1,4-benzoquinone is shown 
in Fig. 6. The binding constants of (Ru(dmbpy)3)
2+
 is 





The first order rate constant (kred) is got from the  




The emission intensities of [Ru(dmbpy)3]
2+
 
complex are efficiently quenched in presence of 
quinones in DMF and are analyzed in terms of  
the Stern–Volmer relationship. The luminescence 
 
 
Fig. 4 — Absorption spectrum of [Ru(dmbpy)3]
2+ with 




Fig. 5 — Emission spectrum of [Ru(dmbpy)3]
2+ with incremental 




Fig. 6 — Benesi–Hildebrand plots from the luminescence 
quenching data of *[Ru(dmbpy)3]
2+ with incremental addition of 
2-chloro-1,4-benzoquinone in DMF.  
 
Table 1 — Binding constant and first order rate constant for 
*[Ru(dmbpy)3]
2+ with Quinones in DMF 
Quenchers Kb (M
-1) kred 
2-chloro-1,4-benzoquinone 2.5 x104 4.124 x105 
1,4-benzoquinone 4.91 x104 5.41 x105 
2-methyl-1,4-benzoquinone 9.77 x104 1.21 x106 
2,6-dimethyl-1,4-benzoquinone 1.24x105 8.84 x104 
 




quenching constant, kq for the oxidative quenching of 
[Ru(dmbpy)3]
2+
 complex with quinones used in the 




𝐼 = 1 + 𝐾𝑠𝑣[𝑄]     ...(2) 
 
𝐾𝑠𝑣 = 𝐾𝑞𝜏  ...(3) 
 
Where, Ksv, kq, and  are the Stern–Volmer constant, 
quenching rate constant and excited state lifetime 
respectively. The plot of I
o
/I vs [Q] is a straight  
line with an intercept of unity in all quenching 
studies. The SV plot of [Ru(dmbpy)3]
2+
 complex with 
2-chloro-1,4- benzoquinone in DMF is displayed in 
Fig. 7. 
 
Dynamics of electron transfer reactions of [Ru(dmbpy)3]
2+ 
with quinones 
The rate of electron transfer from a donor to an 
acceptor in a solvent is controlled by the change in 
free energy (G
0
) of the reaction, the reorganizational 
energy (), and the electron transfer distance (d) 
between the donor and the acceptor. The value of kq 
also depend on the nature of the substituent present tin 
the quencher as well as the reduction potential of the 
quinines. The ground state oxidation potential of the 
Ru(II) complex in DMF is 1.320 V and that of  
the excited state oxidation potential of the complex is 
-0.78 V. The quenching rate constant kq for the 
excited state electron transfer reaction of 
[Ru(dmbpy)3]
2+
 with various quinones have been 
tabulated in Table 2. From the table it is inferred that 
all the quinones quench the excited state of 
[Ru(dmbpy)3]
2+
 efficiently. The reduction potential of 
the quinones, quenching rate constant  and the free 
energy change (G) values of the quinones are also 
displayed in Table 2. 
These values show that the value of kq is sensitive 
to the reduction potential of the quinones. Quinones 
with high reduction potential also exhibit higher 
quenching rate constant values. They act as efficient 
quencher in the photoinduced electron transfer 
reaction. This is indicative for the electron transfer 
quenching. The lowest kq value is observed is in 
accordance with highest G
0
 value. The value of 
depends on the presence of the substituent in the  
4,4ʹ-position of 1,4-benzoquinone. The presence of 
electron withdrawing substituent decreases the 
electron density and thereby increases the quenching 
rate constant. Thus 2-chloro-1,4-benzoquinone  
has higher quenching rate constant than the  
parent quinone 1,4-benzoquinone. It is due to the 
electron-withdrawing nature of the chloro group. 
2,6-dimethyl-1,4-benzoquinone, which is having 
electron releasing group has lower quenching rate 





The electron transfer distance between the donor 
and the acceptor also affects the rate constant. 
[Ru(dmbpy)3]
2+
 has a radii of 7.9 Å from MM2 
molecular model calculation and  the radius of 
quinones are in the range 2.7Å to 4.79 Å. The electron 
transfer distance is the sum total radius of the donor 
and the acceptor. 2,6-dimethyl-1,4-benzoquinone has 
highest electron transfer distance. It has the least kq 
value. In addition to this, Fig. 8 and Fig. 9 give the 
linear plot of RTln kq vs reduction potential of the 
quinones and log kq vs G
0
 of the reaction in DMF, 
respectively. The Hammett plot for the reduction of 
quinones by [Ru(dmbpy)3]
2+
 is shown in Fig. 10. This 
provides an additional support for the oxidative  
 
 
Fig. 7 — Stern–Volmer plots for the oxidative quenching of 
*[Ru(dmbpy)3]
2+ with 2-chloro-1,4-benzoquinone in DMF. 
 
Table 2 — Luminescence quenching rate constant (kq),  
reduction potential of quinones vs Ag/Ag+ (E0rdn) and free  
energy changes (G0) for the oxidative quenching of  
[Ru(NN)3]
2+ complexes in DMF 
Quencher E0rdn vs 
Ag/Ag+ (V) 
kq (M
-1) G0 (eV) 
2- chloro -1, 4- benzoquinone - 0. 322 7.005  1010 - 0.503 
1,4- benzoquinone - 0.395 2.66  1010 - 0. 430 
2 – methyl -1, 4 – 
benzoquinone 
- 0.402 2.3   1010 - 0.423 
2,6-dimethyl -1, 4-
benzoquinone 
- 0.623 6.48   109 - 0.202 
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. Thus the behaviour of  
this redox system is depicted by the common 
mechanism shown in Scheme 1.  
According to the Scheme, the excited state donor 
(Ru
II
) and the ground state acceptor (quinone) 
molecules together to form an encounter complex, 
(*Ru
II
….Q). This complex then undergoes a 
reorganization to reach the transition state where 
electron transfer takes place from the donor to the 
acceptor to give an ion-pair species, (Ru
III
….Q). For 
the successor complex the parameter K12 and K21 are 
the diffusion controlled rate constants for the 
formation and dissociation of the encounter complex, 
respectively. The parameter K23 and K32 denote the 
forward and reverse rate constants, respectively. 
Apart from the formation of precursor complex (K32), 
the unpair state (Ru
III
….Q), form the separated 
species Ru
III
…..Q (Ksep) and undergo back electron 
transfer to form the reactants in the ground state (K34)  
 
Transient absorption spectra 
To confirm the electron transfer nature of the 
reaction from the excited state Ru(II) complex to 
quinone, transient absorption spectrum of the reaction 
mixture was recorded using flash photolysis technique 
as shown in Fig. 11. Argon bubbled DMF solution of 
[Ru(dmbpy)3]
2+
 complex was excited at 355 nm under 
laser flash photolysis. The spectrum at each time 
delay consists of positive, absorption maxima 
centered at 387 nm. 520 nm corresponds to the 
formation of substituted bipyridyl anion radical.  
In the presence of 2,3-dimethoxy-1,4-benzoquinone,  
a new transient species is formed around 450 nm. 
This broad band was assigned to the quinone anion 
radical
15-19
. The absorption at 450 nm is caused by  
the formation of quinone anion radical upon oxidative 
 
 
Fig. 8 — Plot of RT lnkq x10
4 vs reduction potential of 
[Ru(dmbpy)3]




Fig. 9 — Plot of log kq vs G
0 of [Ru(dmbpy)3]
2+ complexes with 
quinones in DMF . 
 
 
Scheme. 1 — Schematic mechanism for the electron transfer quenching of [Ru(NN)3]
2+ 




of *Ru(II) with quinone, while there is no such 
positive signal in this region when we have the 
complex alone. This transient formation confirms the 
electron transfer reaction  
 
Conclusions 
The photoinduced electron transfer reactions 
[Ru(dmbpy)3]
2+
 complexes with quinones were 
studied by luminescence and laser flash  
photolysis method. The luminescence quenching  
data and transient absorption spectra shows that the 
excited state [Ru(dmbpy)3]
2+
 complex undergo rapid 
electron transfer reactions with quinones. The 
observation of quinone anion radical supports the 
electron transfer quenching of 
3
MLCT excited state of 
Ru(II) complex with quinones. The quenching rate 
constant kq depends on the change in the free energy 
value, electron transfer distance and the reduction 
potential of the quinones.  
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Fig. 10 — Hammett plot for the reduction of quinones by 
[Ru(dmbpy)3]




Fig. 11 — Transient absorption spectrum of complex in presence 
of 2,3-dimethoxy-1,4-benzoquinone. 
 
